In August 2016, we celebrated the 40th anniversary of the introduction of FDG-PET imaging and its enormous impact on the day-to-day practice of medicine [1] . The concept of imaging with FDG was primarily based upon wellestablished and scientifically proven high cerebral glycolytic activity by various methodologies. As such, early applications of FDG mostly dealt with assessment of neuropsychiatric disorders, which proved to be more sensitive and specific than conventional imaging techniques such as CT and MRI [2] . Soon thereafter, based on observations made by Warburg in the 1930's who demonstrated increased glycolysis in cancer cells, a few investigators expanded the use of FDG to diagnose and assess brain tumors [3] . These early research studies demonstrated the importance of FDG-PET in detecting brain cancer and characterizing its biological behavior. With the introduction of whole body PET instruments in the 1980's, efforts were made to investigate many other malignancies, which led to revolutionizing the fields of medical, radiation, and surgical oncology [4] [5] [6] . By adopting this technique to image the entire body, it was noted that tissues with inflammatory cells were also readily visualized by this methodology [7] [8] [9] . This observation eventually led to exploring the role of FDG-PET imaging in managing patients with infection and non-infectious inflammatory disorders. By the late 1990's and early 2000's, PET was accepted as a reliable tool for managing brain disorders and many malignancies, but there has been great resistance to determine the critical role of FDG-PET in inflammatory disorders. This has been a rather serious oversight by the medical community, particularly in the United States, where a disproportionately large number of FDG-PET studies are performed compared to the rest of the world. This is quite unfortunate since therapeutic interventions for most malignant and central nervous system disorders are palliative in nature, while infectious and inflammatory disorders are treated and cured with modern treatment modalities. Therefore, there is a dire need to introduce and routinely adopt this powerful technology in patients with infection and inflammation in various phases of these disorders.
By now, it is proven that activated inflammatory cells at the site of infection have enhanced glycolysis compared to their inactive states and, therefore, utilize glucose and its analogues such as deoxyglucose as their main source of energy [10] . Many research studies over the past two decades have demonstrated that the degree of uptake of FDG by inflammatory cells is substantial in in-vitro settings, in animal experiments, and in human studies [11, 12] . Therefore, this modality allows detection of infection with high sensitivity compared to other existing methods in medicine. Non-specific behavior of FDG leads to false-positive results when diagnosis of cancer is the main purpose in certain clinical scenarios. Some experimental data have demonstrated differences between malignant and inflammatory cells with regard to the dynamics of FDG uptake, which may allow improving the specificity of the results generated in patients with lesions of unknown underlying pathology [11, 12] . While uptake of FDG in cancer tissues continues to rise for up to 4 h, that of inflammatory cells plateaus after 60-90 min and may even decrease thereafter [13] . This is not a consistent finding and certain acute inflammatory reactions to bacteria may mimic malignant cells and reveal increasing activity over a few hours.
Over the past two decades, the number of publications describing the results from both prospective and retrospective research studies has increased substantially, and as expected, there is clear evidence that FDG-PET imaging should become the primary method for detection of infection in different organs and various settings. Although most reports described in the literature deal with detection of infection in the lungs [14, 15] and the skeletal system [16] [17] [18] , FDG-PET has been shown to be just as successful in other locations throughout the body [14] . The data published in the literature are very convincing and clearly demonstrate the critical role that this tracer can play in effective management of many common infectious disorders.
Over the past several decades, medicine has made substantial progress in treating infectious diseases, which is unparalleled in its efficacy compared with other domains in medicine. Particularly, the introduction of multiple antibiotics in the latter half of the 20th century has been revolutionary in minimizing or even eliminating morbidity and mortality related to many common bacterial infections. Unfortunately, the existing imaging techniques, including those provided by structural imaging modalities such as CT or MRI, lack both sensitivity and specificity in detecting and characterizing suspected infectious sites. In particular, these methodologies are quite unable to assess the degree of response to treatment and, therefore, have failed to personalize therapeutic interventions in serious and common infections such as tuberculosis [19, 20] . In the era where personalized medicine is being heavily emphasized for effective management of serious maladies including infection, this is a major shortcoming and continues to result in over-and under-treating many infections. Therefore, FDG-PET, as a sensitive and specific imaging tool for assessing disease activity, can overcome these deficiencies and substantially improve patient outcome from these treatable diseases in the future [21] . This also will result in significant cost-saving and minimizing the financial burden of modern healthcare throughout the world.
Efforts have been made to image bacteria directly as an ideal approach for specific diagnosis of infection. Unfortunately, these efforts have failed and it is unlikely that, even with significant advances made in PET instrumentation, such a desirable possibility will be realized in the future for a few reasons. The spatial resolution of PET is in the range of several millimeters in phantom experiments and is substantially degraded in humans. This prevents detecting lesions that are smaller than 7-8 mm in size. Therefore, in order to detect bacterial infection, a significant number of these organisms should be amassed into a volume in the range of approximately one cubic centimeter. This is an unlikely possibility for most bacterial infections and can, therefore, explain the many failed attempts to visualize bacterial infections directly by this imaging approach [22] . In contrast, inflammatory reaction due to bacterial infection results in accumulation of a significant number of cells around the infected sites and can be visualized by current PET imaging machines. As such, the sensitivity of imaging infection/inflammation with FDG-PET is quite high, where more than 90% of the affected sites can be seen by this technique.
As noted above, one of the attributes of PET imaging is its ability to quantify disease activity with great precision and accuracy [23] . This capability allows physicians to monitor patients with infections during various phases of the disease. Based on the gained experience over the years, we have realized that sampling of a limited segment of the disease sites may underestimate the extent of the disease burden. In particular, when the disease is somewhat inhomogeneous in nature and behaves differently in various organs, quantitative techniques using a limited sample may underestimate the true information attainable from this powerful modality. Therefore, assessment of global disease activity may further enhance the role of PET during the course of the disease and, as such, allow effective use of this imaging technique. In particular, assessment of drug response will be best achieved by measuring overall disease activity in patients with a variety of infections, and this in turn will result in individualizing treatment in major infections such as tuberculosis, where drug resistance has posed a major challenge to infectious disease experts.
Increasingly, the role of conventional nuclear medicine techniques including radiolabeled white blood cell imaging is becoming limited in light of the advances being made with FDG-PET imaging for assessing infections. The process of labeling and administering white blood cells is quite cumbersome since it requires withdrawing a large volume of blood from the patient, isolating and labeling white cells in-vitro, and then administering them to the patient. Imaging is performed 24 h following administration of the labeled cells. The entire process is timeconsuming and very expensive. Additionally, there is a possibility of contamination of the administered cells by potent microorganisms as has been reported in the past. Furthermore, the dose of radiolabeled cells administered to the patients is typically below 1 mCi, resulting in images of poor quality that lack statistical validity, and, therefore, suboptimal sensitivity for detecting infection. Also, these images are planar in nature and cannot be used in conjunction with co-registered CT images as is the case with PET imaging. Furthermore, the radiation dose from Indium-111 labeled white blood cells to some organs is substantial (10 rads to the spleen) which is of concern since it is one of the highest in the practice of medical imaging. Finally, completing the study over 2 days is a major burden for these disabled patients compared to a single visit with FDG-PET imaging that can be completed in only a few hours.
Therefore, the role of radiolabeled white blood cell imaging is rapidly diminishing in the day-to-day practice of medicine. This is particularly applicable to detection of infection following hip or knee arthroplasty where the results from white blood cell imaging are shown to be inferior to those from FDG-PET as documented by many studies published in the literature [24, 25] .
Efforts are being made to label inflammatory cells by other tracers that are more specific and can be of value in certain settings. This approach may overcome some of the deficiencies that are associated with FDG-PET. It is know that FDG is picked up by certain organs such as the brain and heart. Therefore, it may not be feasible to reach optimal contrast between the inflammatory sites and the surrounding background activity. This is particularly true when infective endocarditis is present in patients with prosthetic valve infection [26, 27] . Among potential agents for this purpose, radiolabeled nanoparticles appear to have a potential role for detection of inflammation in cardiac and possibly brain infections [28] .
The article by Wareham et al. clearly demonstrates the critical role of FDG-PET imaging in assessing patients with suspected infection or recurrent cancer who have undergone organ transplants by accurately detecting and characterizing the infected sites. The data from this study clearly illustrates the impact that FDG-PET imaging can have in this setting and, therefore, justifies its routine employment in managing future patients with suspected infection following organ transplants. This will substantially improve the overall patient care and outcome and decrease the overall costs in both outand in-patient settings.
It is very desirable and timely for the community to adopt FDG-PET imaging for managing patients with a variety of infective disorders in the future. Without any equivocation, this will further enhance the role of PET imaging in medicine and demonstrate its unparalleled performance in this very common and potentially curable disorder. There has been resistance by the private and government insurance agencies to allow routine use of this very effective approach in various countries around the world. This primarily stems from the fact that very few prospective studies, which have enrolled a large number of patients, have been carried out to show the efficacy of FDG-PET and its cost-saving impact on the society. Our hope is that publications similar to that of Wareham et al. will encourage other centers to make an attempt to supplement the data presented by this group and convince the community that this is an unavoidable path for the foreseeable future. Until and unless these efforts are initiated, many patients with serious infectious disorders will suffer or even succumb to their disease due to suboptimal results provided by the existing imaging techniques.
